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® The present invention relates to certain novel 8- 
phenytxanthines substituted in the 3 or 4 position of 
the phenyl group by an alkenylene. alkenyieneoxy. 
afkynyiene or aikynyleneoxy bearing a terminal add- 
le grouping, and to their use in human and veterinary 
therapy, particularly for conditions associated witii 
(^the cell surface effects of adenosine. 



CM 



O 

CM 



LU 



RankXeroK 



1 



0203 721 
NOVEL COMPOUNDS 



2 



The present invention relates to a class of 
novel xanthines and salts arrd solvates thereof, 
processes and intermediates for their preparation, 
pharmaceutical formulations containing them, and 
to their in human and veterinary medicine. 

Theophylline, a naturally occum'ng alkaloid, is 
1,3-diemethyixanthin6 and is known to antagonise 
the receptors for adenosine. Although its precise 
mectianism of action recfuires further clarification, rt 
is believed that this property of ttieophylBne ac- 
counts, at l^st to some extent for its abiTity to 
stimulate the central nervous system and cardiac 
muscle, to act on the kidney to produce diuresis, 
and to ralax smooth muscle, notat>iy bronchial 
muscle fTrends jn Pharmacol. Sd. , Jan 1980, i 
129 to 132; Life Sa- 1981, ^ 2083 to SOffT; and 
The/ Pharmacok)gical Basts of Therapeutics, 6th 
Edition, Macmillan Publishing Co, pages 592 to 
GOT). Various derivatives of theophylOne have been 
prepared in recent years including substituted 8- 
phenybcantiiines that were prepared as part of a 
structure-activity study fBiochem. Phanrnac- lQSt. 
30, 325 to 333 and Proa Nat Acad. Sd, 1983, ^ 
2077 to 2080). Some of these bind to adenosine 
receptors wfth greafiar afRntty than ttieophylCne - 
(European Patent Publication No. 92398). 

A structurally distinct dass of novel 8i3henylx- 
anthines has now been discovered, which are 
characterised by tiie presence of an aikenytene, 
alkenyieneoxy, alkynytene or alkynyleneoxy moiety 
terminally sui>stituted by an acidic grouping on the 
3K)r 4-position of the phenyl ring. These xanttiine 
derivatives have been fburKi to possess tf)erapeutic 



activity in their ability to antagonise tiie effects of 
adenosine in tissue preparations. Such activity is of 
therapeutic value in human and veterinary medl- 
dne and in particular for those patiiophysiological 
5 disorders arismg from the cell surface effiects of 
adenosine. 

Certain 8-phenyixanthines sut^stituted by var- 
ious groups on the pyrimidine and phenyl rings are 
described m UK Patent AppOcation No. 2 135 311 

to A, reference being made to the adenosine antago- 
nist activity of such compounds as measured by in 
vftro binding data only. However, the data provided 
in the Specification for the aderKssine antagonist 
activity of such compounds illustrates tiiat the bind- 

75 irtg of the compounds varies considerat)ty accord- 
ing to the identity of ttve sut^stituerrts on the 
pyrimidine and phenyl rings. The xanthine com- 
pounds according to the present invention con- 
stitute a structurally distmct dass of ^herryl xan- 

20 thines, characterised by the presence on the 3-Qr 
4iX)sition of the plumy] ring of an unsaturated 
grouping terminally substituted by an addic group* 
fng. These compounds have been found to pos- 
sess advantageous adertosine ant^onist activrty as 

25 demonstrated t>y their response to the guinea pig 
ileum twitch test descnlDed hereinafter and, more- 
over, have shown siperior activity to anak>gous 
compounds descn'bed in UK Patent Application No. 
2 135 311 A, as shown in heart block models in 

30 wvo (descn'bed later.) The compounds are. thus, of 
therapeutic value. 

Accordingly, the preserit invention provides a 
compound of formula (I): 



I 



wherein: 

X, and X, are til same or different and are hy- 
drogen, alkyi, Cze alkenyl or Ctaz aralJcyl 
optionally substftuted in the aryl ring by Ci.«alkyl. 
Ci^ alkoxy, hydroxy, haio, nitro, amino, azido or 
cyano. provided tiiat both X. and X, are not hy- 
drogen; 



one of )^ and Xt is hydrogen, C,^ alkyI, 
trifluoromethyl, Ci^ alkoxy, halo, nitro, amino, Ct.6 
alkoxycartjonyl or cariDoxy and the other is a group 
-Y-2 where Y is Czs aikenytene, or C« al- 
kenyieneoxy, Cz^ alkynytene or Cs^alkynyteneoxy 
and 2 Is cartx)xy, sulphonyl or phosphonyl or a Ci. 
9 alkyI ester, a 07-12 araikyi ester or a Cs.t2 aryl 
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ester thereof, or is 5-tetrazolyl; and 

X, and X« are the same or different and are oxygen 
or sulphur or a salt or solvate ther^. 

The compounds of the invention may exist in a 
numt^r of tautomeric forms and ail such forms, 
individually and as mixtures, are embraced by the 
above definition of formula (I) even though only one 
tautomer is depicted for convenience. 

A preferred sub-dass of X, and Xi> when Cr.iz 
aralkyi optionally substituted in the aryl ring by Ci^ 
alkyl, alkoxy, hydroxy, halo, rutro, amino, azfdo 
or cyano, is benzyl optionally substituted in tire 
phenyl ring by metiiyl, methoxy, hydroxy, chloro. 
nitro. amino, azido or cyano. Examples included 
witiiin tills preferred sub-dass indude benzyl and 
benzyl substituted by nitro, amino, azido or cyano. 

Preferably, Xt and Xa are the same or differerrt 
and ar^ hydrogen or C14 alkyl. In particular, Xi and 
X2 are the same or different and are both Ci« aUcyl- 
Examples of Xi and Xs, when Ci^ aOcyl, indude 
botii branched and straight chain alkyl, for example 



methyl, ethyl, n-and iso-propyl, and n iso^and 
tert-butyl. Preferred examples of X, and X,, when 
C1.6 alkyl. indude ethyl, n-propyi and n-butyl, espe- 
dally n-propyl. 
5 Preferably, one of X, and X« is hydrogen, 

A pretend sub-dass of Y is (in straight-or 
branched-chain fbmn) 

C2.3 alkenylene (such as vinylene, and pro- 
penyleneoxy) or Cz^ alkynylene {such as acety- 
70 lene). Most preferably, Y is vinylene or acetylene. 

Preferably, Z, when a C .i^ alkyl ester, is a Ci^ 
alkyl ester. Bcamples of Z, when a C1.6 altcyl ester, 
include the methyl and ethyl esters. 

Examples of Z, when a 07.12 aralkyi ester. 
75 indude the benzyl ester. 

Examples of Z, when a C^^z aryl ester, indude 
tiie phenyl ester. 

As used herein in relation to the definiticn of Z, 
a phosphonyl ester tndudes both the dibasic ester 
20 and the nuanobasic hatf-ester. 

As used herein, 5-tetrazoyl Is the group having 
the structural formula: 




H+ 



which thus embraces botii tautonrteric forms thereof 
and which are identifiable as 5-(1H)-tetrazolyl and 
5-(2HHetrazolyl. 

Induded within tiie definition of Z is a preferred 35 
sub-class, wherein Z is carboxy, sulphonyl or 
phosphonyl or a C14 aikyi ester thereof. Preferably, 
Z is carboxy or a Ct.e alkyl, such as methyl or 
ethyl, ester thereof. 

Most preferably. X3 is hydrogen and X« is the 40 
group -Y-Z where Y is vinylene and Z is cart)0xy. 

Preferably, botii Xs and Xc are oxygen. 

The compounds of the present invention are 
capable of existing as geometiic and optical iso- 
mer. All such isomers, indhndually and as mixtures. 45 
are induded within the scope of the present inven- 
tion. Compounds in tiie form of the E-geometrical 
isomers, are particularly preferred. 

Of the compounds exemprrfled hereinafter, 
those that are preferred indude 50 

1 . (E)-4-(1 Z3,6-tetrahydro-1 ,3-dimettiyl-2,6- 
dioxo-9H-purin-8-yl)dnnamic add, 

Z (EHKI ,2.3.6-tetrahydro-3-methyl-2,6- 55 
di xo-1 -propyl-9H-purin-e-yl)dnnamic add. 



3. {E)-4-<1 ,3Klietftyl-1 A3,6-tBtrahydro-2,6- 
dioxo-9K-purin-8-yl)dnnamic add, 

4. (EH-(1 ,3-dialIyH A3,6^Btrahydro-2,6- 
dioxo-9Hrpurin-8-yI)dnnamk: add, 

5. (EH-{1A3.6-tetrahydro-2,Mioxo-1,3- 
dipropyl-9Hrpurin-d-yl)dnnamic ackl, 

6. (EH-<1A3.6-tetrahydro-3-metiiyl-2,6- 
dioxo-dH-purin-8-yl)dnnamic add, 

7. (EH-(3-ethyl-1,2,3,6-tetrahydro-2,6-dioxo- 
9H-purin-8-yl)dnnamic add, 

a (EH-<1 A3,6-tetrahydro-2,6-dioxo-3- 
propyl-9H-purin-6-yl)dnnamic add, 

9. (EKK1 ,2^,6-tetrahydro-3-jsobutyl-a6- 
dioxo-9H:purin-8-yl}dnnamic add, 

1 0. (EH-<1 A3.6-tetrahydro-1 -mettiy 1-2,6- 
dioxo-3-propyl-9H-purTn-8-yl)dnnamic add. 

1 1 . (E)-4-(l ,2.3,6-tetrahydro-3-isobutyl-1 - 
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m8thyl-2,6<U(wo-9H:purTrv^yI)cinnamic 
add, 

12. (E>-4-(1-ethyM .2.3,6-tetrahydro-3- 
methyl-2,6Kfioxo-9H-purm*yl)dnra 

acid, 

13. (EM-<1>difaut/H A3,6-tBtrahydrD-1 .6- 
dioxo-9H-purin-8*yl)Q'nnamic add, 

14. {EKK1.3Kfiben2yl-1A3,6-t8trahyAD-2,^^ 
dioxo-9H;i)urin-S-yi)dnnamic add, 

15. {EH-(3-fauty»-1 A3,6-<0trahydro-1- 
nft8thyh2.6Klloxo-9Hrpurin*yI)dnnamfc 
add, 

1 6. -butyM A3.6-tefrahydro-3- 
m8fhyl-2,6KiiQxo-9ift>urin-8-yl)dnnamic 
add. 

17. (E)-4-©-faenzyHA3.6-tBlrahydro-1- 
methy(-2,6Kfio)(0-9fH3urin-8-yl)dnnarnic 
add. " 

la (EHKlA3,640trahydrc>-1.3-dnsdbutyk 
2,GHJioxo-9H-puiin-a-yf)dnnamic add, 

19. (5K<lA3^tBtrahydix>-lJkfimethyi-6- 
oxc>-2-thio-9H-purin-8-yf)dnnamic add, 

20. {^-443K4K:yanofc>enzyl)-1A3,6- 
tetFahydro-1-methyl-2,6Knoxo^|f^)ur^^ 
dnnamic add. 

21. (EH-p-(3-cyanoben2ylHA33- 
tetrahydro-l -m8thyl-2.6-dioxo-9 Ki)uri^ 
dnnamic add, 

22. 3-[4-(lA3.e^etrahydro-2,6Klioxo-1,3- 
dTpropyt-9H-purirH8-yOphenyf]propioGc add 

23. (EH-[l-(4-cyanob8nzyl)-1 ,2,3,6- 
tetrahydro-3-methy!-2,6KrK3xo^i4i3^ 
dnnamic 



24. {EHKI-benzyf-l ,2,3,6^etrahydro-2.6- 
dioxo-3i)ropy»-9i±ixmrv^yl)dnnanr>ic add, 

25. {EH-(3-benzyH ,2,3,6-tBtrahydro-2,6- 
dioxc>1-propyf-9t+-purin-8-yl)dnnarnic add. 

Compounds 13, 14, 24 and 25 are particularly 
prefamad. 



As safts of a compound of fomiuia (I), there are 
induded add addition salts of the compound, 
wherein one of )4 and Xt rs amino, and safts 
comprising the compound, whenern one of X, and 
5 X» is cartx)xy, or wherein the other is a group -Y-Z 
where Y is as hereinbefore defined and Z is car- 
boxy, sulphonyl or phosphonyi, as an anionic spe- 
des, together with a cation. In both types of salts, 
the pharmacological acthoty resides in the mdety 
70 derived from the compound of the invention as 
defined herein and the tdentfly of the other compo- 
nent is of less importance although for therapeutic 
purposes ft is. prefeably. phamiaceuticaDy accept- 
able to the radpient of the sail Btamples of pha*- 

15 maceuticaity acceptable add addition salts inchide 
those derived from mineral adds, such as hy- 
drochloric hydrobromlc, phosphoric, 
metaphosphoric, nitric arKi sulphuric adds, and or- 
ganic adds, such as tartaric. acsGc, dtric, mafic 

20 lactic iumarlc benzoic gfycolOc gluconic succinic 
and arylsutphontc for example p^luenesulphcmic 
act ds . Bcamples of saHs comprising the compound, 
wherein one of Xi and X» is cartxjxy, or wherein the 
other is a group -Y-Z where Y Is as hereinbefore 

25 defined and Z is cartxixy, sulphonyl or pho^Jhonyl, 
as an anionic spedes, together wfth a cation, in- 
dude ammonium salts, alkali metal salts, such as 
sodium and potasdimi safts, alkaline earth salts, 
such as magnesium arxl caldum and salts 

30 formed with organic bases, for example, amino 
salts dmved from mono-, <fi-or tri-(kywer alkyO or - 
(lower alkanol)amines, such as trefthanolamlne and 
diethylaminoethyfamine, and salts with heterocydk: 
amines such as pipm'dtne, pyridine, piperazine and 

35 morphine. The pharmaceuGcally acceptable salts 
together with the salts which are not thus accept- 
able have utility in the isolation and/or the pifffiica- 
t'on of the compounds of the Invention, and the 
unacceptable salts are also useful in being convert- 

40 ibie to the acceptable salts by techniques well 
known the art 

Examples of a solvate of a compound of for- 
mula (I) or a salt thereof indude an hydrate, for 
example the monohydrate. 

45 The compounds of ttie present invention and 
tie salts and solvates theraof may be prepared by 
any suitable process. In this regard, the present 
invention provides a first process for the prepara- 
tion of a compound of formula (I), as defined 

50 hereinbefore, or a saft or solvate thereof, which 
comprises cycfising, in the presence of an oxidant, 
a compound of formuta(n): 
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(n) 



wherein X, to X. are as defined hereinbefore; op- 
tionally converting X or Xi, or Xi or Xi In the 
resultbtg compound of formula 0) into another X, or 
Xt. or Xi or X» respectively; in the case where one 
or botfi of Xt and Xc ts/are oxygen, optionally con- 
verting, one or both of X, and Xs into sulphur; and 
optionally forming a salt or solvate thereof. 

The cydisation, in the presence of an oxidant 
of a compound of Formula (II) may be carried out 
conventionally, for example, at an ambient or ele- 
vated temperature In a solvent such as nitrot)en- 
zene. 

Examples of an oxidant for use in tiie cydisa- 
tion of a compound of formula(ll) include nitroben- 
zene, oxygen with or without a palladium/carbon 
catalyst or ferric chloride. Of these, nitrob€ihzene is 
preferred since It can also function as the solvent 
in which cyciisation may be carried out 

Examples of tfie optional conversion of X, or Xt 
in the resulting compound of formula (I) into an- 
other X, or Xi respectively are generally known in 
tiie art One useful example is the optional conver- 
sion by reduction of 4-nitrobenzyl (for Xs) into 4- 
aminobenzyi. A preferred reducing agent for such 
reduction is hydrogen and platinum or platinum on 
charcoal. 



-lo- 
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Examples of fie optional conversion of Xi or Xi 
in the resulting compound of formula (I) into an- 
other X, or X« respectively are generally known in 
the art One useful example is the optional conver- 
sion by hydrolysis of tiie group -Y-Z where Y is as 
hereinbefore defined and Z is a Ci.o alkyi, a Cy.ia 
aralkyi or a C e-i2 aryl carboxylic ester, a Ci.o aikyi, 
a C 7-12 aralkyi or a Ce-ia aryl sulphorryl ester, or a 
Ci.0 aOcyl, a C7.12 araNcyl or a aryl phosphonyl 
ester into ttie group -Y-Z where Y is as herein- 
before defined arKt Z is cart>oxy, sulphonyl or 
phosphonyl respectively. Such hydrolysis may be 
canied out conventionally, for example, by using, in 
the case of a carboxylic or sulphonyl ester, aque- 
ous sodium hydroxide or, in the case of a 
phosphonyl ester, concentrated hydrochloric add 
and gladal acetic add. In the case where one or 
botti of Xi and X* is/are oxygen, the optional con- 
version of one or botii of )^ and X. into sulphur 
may be carried out with phosphonis pentasulphide 
(si- QiH- Chem. . 1977, ^ 2470). 

The optional formation of a salt or solvate of a 
compound of formula (I) may be carried out using 
techniques well known in tine art 

The compound of formula (II) may be prepared 
by reacting a compound of formula (111): 



(HI) 



wherein X, and Xj and )Q and X. are as defined 
hereinbefore, with a compound of formula (IV): 
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CHO 




o 




m 



wherein Xx and Xi are as defined hereinbefore. 

The reacdon between the compounds of for- 
mulae (III) and (IV) may be canied out convention- 
ally, for example, by heafing under reHux in a 
solvent such as a mixtue of ace^ add and 
metfianoL It is, however, a prefomed aspect of this 
process of the present invention that the resuffing 
Sch^s base is not isolated but that the two stages 
leading to the compound of the present invention • 



T5 



20 



the reaction t)etween the compounds of formulae - 
(III) and (IV) and the cycOsation of the resulting 
compound of fbnmula (II) -are carried out in one 
operation in the same reaction vessel In these 
circumstances, the reaction between the com- 
pounds of formulae (lU) and (IV) is, preferably, 
carried out under r^ux in nitrobenzene. 

The compound of formula (III) may be pre- 
pared by reducing a expound of formula (V): 



NO 



NH^ 



(V) 



wherein X, and and >^ and X« are as defined 
hereint)efore. 

The reduction of ttie compound of formula (V) 
is, preferat}ly. carried out with ammonium sulphide 
in the marmer as described in U.S. Patent 2 602 
795. 



35 
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The compound of formula (V) may be prepared 
by reacting a compound of formula (VI); 



NH^ 



(VI) 



6 
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wherein X, and X, and Xs and X. are as defined 
hereinbefore, with nitrous add; and optionally con- 
verting X, or Xs into another Xi or Xt as defined 
herein. 

The reaction between the compound of formula 
(VI) and nitrous acid (which may be prepared jn 
situ from sodium nitrite and glacial acetic acid) is, 
preferably, canied out in accordance with the pro- 
cedure described in J, Ora. Chem. . 1951, 16. page 
1879 et sea. 

Examples of the optional conversion of X, or Xs 
into another Xi or X2 include the optional conver- 
sion of hydrogen into Oi^ alkyi, Cz^ alkenyl or C7. 
12 arafkyi optionally substituted in the aryl ring by 



Ci^fl alky I, alkoxy, hydroxy, halo, nitro, amino, 
azido or cyano. In fact if it is desired to prepare a 
compound of formula (I), wherein X, is a bulkier 
group than X^ then it is prefenred first to prepare 

5 the compound of formula (VI), wherein X, is hy- 
drogen, and then to convert tiie hydrogen atom into 
tiie desired group for X,. 

The present invention also provides a second 
process for the preparation of a compound of fbr- 

70 mula (1), wherein the other of Xj and Xi is the group 
-Y-Z where Y is Cs^q alkenyieneoxy and Z is as 
hereinbefore defined, or a salt or solvate thereof, 
which comprises reacting a compound of formula - 
(VII): 

75 




(vn) 



wherein X, and )^ and )Q and Xs are as hereir)- 
befbre deftrted and one of Xi' and Xi' is as defined 
her8int)efbre for one of Xi and X« and the other is 
hydroxy, with a compound of formula (Vllf); 

L-Y'-Z (Vlll) 

wherein L Is a leaving group, Y^ is alkenylene 
and Z is as hereinbefore defined; optionally con- 
verting X, or )^ or Xi or X« in the resulting com- 
pound of formula (I) Into another X. or Xs, or Xi or 
Xt respectively; in the case where one or both of )^ 
and Xg is/are oxygen, optionally converting one or 
both of Xs and X« irrto sulphur and optionally for- 
ming a salt or solvate tiiereof. 

The reaction between the compounds of for- 
mulae (VII) and (VllO may be carried out conven- 
tionally, for example, in the presence of a t^ase, 
such as an alkali metal alkoxide. in particular potas- 
sium t-butoxide, in a solvent, such as dimethyl 
sulphoxide, under an inert atmosphere. A preferred 
example of the leaving group (L) is bromo. 

Examples of the optional conversion of X, or X2 
in tiie resulting compound of fomiula (I) into an- 
otiier X, or Xi respectiv ly are as described herein- 
before in relation to the corresponding optional 
conversions carried out on the compound of for- 
mula (I) resulting from the cyciisation of a com- 
pound of formula (II). 



30 
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Examples of the optional conver^on of Xi or Xi 
in the resulting compound of fbmnula (I) into an- 
other Xi or X« respectively are generally known in 
the art An example is the optional conversion by 
hydrolysis of the group -Y-Z where Y is Cs^ al- 
kenyieneoxy and Z is a Ci^ aikyl, a Cr.is aralkyi or 
a C6.12 aryl carboxyiic ester, a Ci^ alkyl. a Cr-is 
aralkyi or a (^12 aryl sulphonyl ester or a Ci^ 
alkyl, a Cj.ie aralkyi or a C 9.12 aryl phosphonyl 
ester into the group -Y-Z where Y is C al- 
kenyieneoxy and Z is cartx»cy, sulphonyl or 
phosphonyl. Such hydrolysis may be carried out as 
described hereinbefore. 



In tiie case where one or both of Xs and Xi is/are 
oxygen, the optional corrversion of one or both of 
^ Xs and X« into sulphur may be carried out as 
described hereinbefore. 

The optional formation of a salt or solvate of a 
compound of formula (I) may be carried out using 
techniques well known in the art 



55 



It should be noted that during tii reaction between 
the compounds of formulae (VII) and (Vlll). a side- 
reaction may occur at tine nitrogen atom in tiie 7- 
position in the compound of formula (VII). It will, 
therefore, be appreciated that the reagents and 
conditions should be chosen so as to minimise the 
occurrence of any such side-reaction. In any case, 
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it is prefanred, for reasons of a better yield and a 
cleaner product that the preparation of a com* 
pound of formula (I), wherein the other of Xi and X4 
is the group -Y-Z where Y is C^^ alkenyleneoxy 
and Z is as hereinbefore defined, is carried out 
using the first process of the invention involving the 
cycOsabon of a compound of formula (II). 



The compound of formula (VII) may be pre- 
pared by reacting a compound of formula (III), as 
defined hereinbefore, with a compound of formula - 
(DQ: 



CHO 




OX) 



wherein Xi^ and are as hereinbefbre defined. 

The reaction between the compounds of for- 
mulae (III) and (IX) may be canied out analogously 
to the reaction between the compounds of formulae 
(in) and (IV) as descnbed hereinbefore. 



The present invention also provides a third 
process for the preparation of a compound of for- 
mula (l)t as defined hereinbefore, or a salt or sol- 
vate ttiereof. wfuch comprises cycGsing a com- 
pound of fbnnuia (X): 



NHA 




(X) 



wherein X, andXiandXcandXcareas defined 
hereintiefbrs and one of A and 6 is hydrogen and 
the other is 3-(Xd-HX«)-ben2oyl in which X. and X< 
are as defined hereinbefore; optionally converting 
X, or )Q, or Xi or Xc in the resulting compound of 
formula (I) into another X, or Xb or Xx or X respec* 
tively; in the case where one or both of and X. 
is/are oxygen, optionafly converting one or both of 
Xs and X« into sulpun and optionally forming a salt 
or solvate IttOTeof. 

The cyclisafion of a compound of formula (X) 
may be canied out conventionaUy. For example, in 
the case where B is hydrogen and A is 3-(X3)-4- 
{X.)-ben20yU the cycOsation is, preferably, canied 
out in the presence of aqueous base, such as 
aqueous sodium hydroxide, at elevated tempera- 



45 



so 
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ture. and, in the case wfiere A is hydrogen and B is 
3-(Xi)-4-(Xi)-ben2oyl, the cyclisation usually pro- 
ceeds spontaneously in view of the highly 
nucleophlGc 5-amino sutsstituent 

Bcamples of the optional conversion of X, or 
Xb or Xx or X( in the resulting compound of formula 
(I) Into another X, or )^ or Xi or X» respectively are 
as descn'bed her^nbefore in relation to the cor- 
responding optional conversions carried out on thie 
compound of fonmula (I) resuftirtg from the cycfisa- 
ton of a compound of fomnula (11). 

In the case where one or both of X, and X, 
is/are oxygen, ttie optional conversion of on or 
both of Xi arwj )^ into sulphur may be carried out 
as described hereinbefore- 
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The optional formation of a salt or solvate of a 
compound of fomiula (!) may be canied out as 
described hereinbefore. In this regard, it should be 
noted that if the cyclisation of a compound of 
fomiula PO is canied out in the presence of aque- 
ous base, then the compound of fonmula (I) <s 
nomially obtained as the salt The free add of 
formula (!) can be regenerated amply by treatment 
of the salt with add. 



The compound of formula PQ, wherein B is 
hydrogen and A is 3-(Xj>-4-(Xi)-ben2oyi, may be 
prepared by reacting a compound of formula (110. 
as defined hereinbefore, with a compound of for- 
mula pci): 



70 




(XT) 



wherein Xi arxl Xi are as defined hereinbefore and 
X, is hydroxy, chloro, bromo or Ci.6 alkylcar- 
bonyloxy. 

The reaction between the compounds of for- 
mulae (110 and (XI) may be carried out convention- 
ally. For example, in the case where Xj \s hydroxy, 
the reaction may be carried out in the presence of 
a condensation promotirsg agent* such as 
dicyclohexyicartx3diimlde. 
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The compound of formula (X), wherein A is 
hydrogen and B is 3-(Xa)-4-(X)-benzoyl, may be 
prepared by redudng a compound of fomnula QQ\): 




(xn) 



wherein X, to Xs are as defmsd hereinbefore. 

The reduction of a compound of formula (XII) 
may be carried out conventionally, for example, by 
catalytic hydrogenation with Raney nickel or plati- 
num or by using ammonia sulphide as described in 
U.S. Patent 2 602 795. As mentioned previously, 
th &-amino substituent of the resulting compound 
of formula (X), wherein A is hydrogen and B is 3- 
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(X3)-4-pC)-benzoyl, is highly nudeophilic with the 
result that the compound of formula (X) normally 
proceeds spontaneously to the desired compound 
of fomnula (0. 

The compound of formula (XII) may be pre- 
pared by reacting a comp und of formula (V). as 
defined hereinbefore, with a compound of formula - 
(XI), as defined hereinbefore. 
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Th reaction between the compounds of for- 
mulae (V) and (XI) may be canied out analogously 
to the reaction between the compounds of fomiulae 
(ni) and PO) described hereinbefore. 

it should be noted that rf. in the reactions 
between the compounds of formulae (III) and (XI) 
and of fbnnulae (V) and pQ), the other of )Q and X* 
in fonnula (XI) is the group -Y-2 where Y is as 
defined hereinbefore and Z is cartjoxy, sulphonyl 
or phosphonyl, then the reagmts and conditions 
should be chosen so as to minimise the occur- 
rence of any competing side-reaction at the addic 
group for Z and to maximise the desired reaction^ 
between the cart3oxy group or derivaiive tfiereof 
{COKr) depicted in fonnula (XI) and tfie amino 
substituent in the 5-po^on in the compound of 
formula (III). Altemativeiy, the acidic group Ibr Z 
may be blocked during the course of the rsacSon 
and then deblocked after its compiethm. Examples 



TO 



TS 



of preferred blocked addic groups indude Ci^ 
alkyi esters. (^7-12 araflcyl esters or C6.12 aryl esters, 
the bkx^king groups of which may be added to and 
removed from the addic group in conventionai 
manner. Because of the need to avoid a competing 
side-reaction either by the employment of particu- 
lar reagents and conditions or by using a bbcked 
addic group, this process of the invention is gen- 
erally the least preferred. 

The compounds of fbnnulae (II). (X) and pai) 
and a num£)er of the compounds of formulae (III)-, - 
(V) and (Vn), as dsscnlied hereinafter, are novel 
tntermecSates of use in the preparation of the com- 
pounds of fbrmuEa (I) and, thus, represent part of 
the present invention. 

The compounds of formulae (III) and (V) that 
are novel intermediates are of formulae QUy and - 
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NO 



wfierein X,' is methyl and is propyl. X,' is 
propyl and X^' is methyl, X/ is n-butyl and Xi' is 
methyl, X/ and Xi' are both ^^t)utyI, X,' and Xt' 
are both aOyl. or X,' and Xi' are the same or 



35 



different and are Ctaz aralkyi optionally sutistrtuted 
in the aryl rfng by Ct^ aDcyl. C,^ alkoxy. hydroxy, 
halo, nitro, amino, azido or cyano. 

The compounds of formula (VII) that are novel 
rntermediates are of formula (Vll)h 



40 




wherein X," and X," are the same or different and alkyi, Ct^ alkoxy, hydroxy, halo, nitro, amino, azkio 

are hydrogen. Oz^ alkyt, alkenyl or Cr.iz or cyano. and Xi' and X,' are as defined herein- 

araikyl optionally substituted in the aryl ring by C,^ 55 before. 
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The compounds of formula© (IV), (VI), (VIII), - 
(IX) and (XI) are commerctalty available, or may be 
obtained by carrying out a published process for 
their preparation, or by canying out a process 
analogous to a published process for the prepara* s 
tton of structurally analogous compounds. For ex- 
ample, the compounds of formula (IV), wherein the 
other of Xs and X. is the group -Y-Z where Y is 
alkenyfeneoxy and Z is as hereinbefore defined, 
may be obtained by alkenylating in a conventional io 
manner the corresponding hydroxybenzaldehyde. 

While it is pos^ble for the compounds of the 
present invention and the salts and solvates thereof 
to be administered as the raw chemical, it is pre- 
ferred to present them in the fbnn of a pharmaceu- 75 
tical formulation. Accordingly, the present invention 
further provides a pharmaceutical formulation, for 
human or veterinary application, which comprises a 
compot^nd of the present invention, or a phar- 
maceuticalty acceptable satt or solvate thereof, and 20 
a pharmaceutically acceptable carrier therefor. 

The pharmaceutical formulation may optionally 
contain other therapeutic agents that may usefully 
be employed in conjunction wttti ttie compound of 
the present invention, or a pharmaceutically ac- 2s 
ceptable satt or solvate tiiereof. The expression 
"pharmaceutically acceptable" as used herein in 
relation to the carrier is used in the sertse of t)eing 
compatSile with the compound of the present in- 
vention, or a pharmaceutically acceptat)le satt or 30 
sohrate thereof, employed in tiie formulation and 
mth any other therapeutic agorrt that may be 
present, and not being detrimental to the recipient 
thereof. The carrier itself may constitute one or 
more excipierrts conventionally used in the art of 35 
pharmacy that enat>le the compound of the present 
invention, or a pharmaceutically acceptable salt or 
solvate thereof, and any other therapeutic agent 
that may be present, to be formulated as a phar- 
maceutical formulation. 4o 

The phamaceutical formulations of the present 
invention include those suitable for oral, parenteral 
(including subcutaneous, intradennal, intramuscular 
and intravenous) and rectal administration although 
the most suitable route will probably depend upon, 45 
for example, the precise nature and severity of the 
condition and the identity of tiie redpierrt The 
formulations may conveniently be presented in unit 
dosage form and may be prepared by any of the 
methods well known in the art of pharmacy. All 50 
methods include the step of bringing into associ- 
ation the active ingredient i.e. the compound of the 
present invention, or a pharmaceutically acceptable 
salt or solvate thereof, with the carrier. In general 
the formulations are prepared by uniformly and 55 



intimately bringing into association the activ ingre- 
dient with, a liquid carrier or. a finely dhrided soHd 
carrier or both, and then, if necessary, forming tiie 
associated mixture into the desired formulation. 

The pharmaceutical formulations of the present 
invention suitable for oral administration may be 
presented as discrete units, such as a capsule, 
cachet tabtet or tozenge* each containing a pre- 
determined amount of tiie active ingredient as a 
powder or granules; as a solution or a suspension 
in an aqueous lk)uid or a non-aqueous Gquid such 
as a syrup, elixir or a draught or as an oil-in-water 
Oquid emulsion or a water-fn-oit tk^uid emulsion. 
The formulation may also be a bolus, electuary or 
paste. 

Generally, a tablet is the most corrvenient phar- 
maceutical formulation suitable for oral administra- 
tion. A tablet may be made by compressing or 
moulding ttie tablets may be prepared by com- 
pressing in a suitable machine the active Ingredient 
in a free-flowing form, such as a powder or gran- 
ules, in admixture with, for example, a binding 
agent, an in^ diluent, a lubricating agent a dis- 
inte^ating agent and/or a surface active agent 
Moukied tablets may be pr^>ared by mmkiing in a 
suitable machine a mixture of the powdered active 
ingredient moistened with an inert liquid diluent 
The tablets may optionally be coated or scored 
and may be formulated so as to provide slow or 
controlled release of thd active ingredient 

The pharmaceutical formulations of ttte present 
invention suitable for parenteral administration in- 
clude aqueous and non-aqueous sterile injection 
solutions which may contain, for example, an anti- 
oxidant a buffer, a badariostat and a solute which 
renders tiie composition isotonic witfi the blood of 
the recipient and aqueous and non-aqueous sterile 
suspensions which may contain, for example, a 
suspending agent and a thickening agent The for- 
mulations may be presented in unit-dose or multi- 
dose containers, for example sealed ampoules and 
vials, and may be stored in a freeze-dried 
(lyophifized) condition requiring only the addition of 
tiie sterile Gquid carrier, for example water for injec- 
tion, immediately prior to use. Extemporaneous in- 
jection solutions and suspensions may t>e prepared 
from sterile powders, granules and tablets of the 
kind previously descrit^ed. 

The pharmaceutical formulations of the present 
invention suitable for rectal administration may be 
presented as a suppository containing, for exam- 
ple, cocoa butter and polyethylene glycol. 

An advantage of tiie compounds of the pres nt 
invention and the pharmaceutically acceptable salts 
and solvates thereof is that they are generally 
water soluble and tiiat therefore, th y are suitable 
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for fbrmulab'on as aqueous solutions. In contrast, a 
number of the various substituted 8-phenyfxan- 
thines of the prior art (Biochem, Phamac . 1981, 30, 
325 to 353; and Proc . Acad. Sd^ 1983, 
2077 to 2080) are not soluble In water or at least 5 
not sufRdently soluble so as to permit their fbr- 
mulafion in this way. 

As mentioned hereinbefore, the compounds of 
the present invention and the phannaceuticaity ac- 
ceptable safts and soivafes thmof are of use in ro 
human and veterinary medictne and in particular in 
the treatment or prophylaxis of pathoptfiysiologtcal 
disorders arising firom the cell surface effacts of 
adenosine. Accordingly, the present invention yet 
further provides a method for the treatment or 75 
prophylaxis of an animal with a pathophysioiogical 
disorder arising from the cell surface effects of 
adenosine, which comprises administBring to the 
anirnal a therapeutfcaOy or prc^ylacticalfy effiac- 
tive amount of a compourtd of the present tnven- 20 
tion, or a pharmaceuticaliy acc^afabie salt or sol- 
vate thereof. In the aitmiative, there is also pro- 
vided a compound of the present invention, or a 
pharmaceuticaliy acceptatsle salt or soh/ate thereof, 
for use in human or veterin^ medicine and in 2s 
particular fcr use in the treatment or prophylaxis of 
pathophysiologicai cfismfers arising from the ceil 
surface effects of adenosine. 

The pathophysiological (Ssorders caused by 
adenosine/scell-surface interactions and requiring 30 
treatment or prophylaxis in accordance with the 
present invention generally arise within the cardto- 
vascular, gastrointestinal or neuroendocrine sys- 
tems since adenosine has a parti'cularfy pro- 
nounced effect on the ceO surface receptors in 35 
these systems and hence on their physiology. Par- 
ticular examples of such pathophysiological dis- 
orders include heart block induced by various di- 
agnostic procedures, such as sdntography, or oc* 
cuning as a result of a myocarcfial infarct where 4o 
th^ is increased leakage of endogmxjs ad- 
enosine into the extraceUuiar environment sur- 
rounding the heart muscle { Qr. Res. . 1982, 51, 
569 etegg). Other examples of such conditions 
include astfinta and in1tat)ie bowel syndrome. 45 

The animal requiring treatment or prophylaxis 
with a compound of the present invention, or a 
pharmaceuticaliy acceptable salt or sofvata tiiereof, 
is usually a hunian or non-human mammal. 

Th route by which the compowid of the so 
present invention, or a pharmaceuticaliy acceptabi 
salt or solvate thereof, is administered to the ani- 
mal may be oral, parenteral Onduding sutx:utane- 
ous, intradermal, intramuscular, intravenous or rec- 
tal. If the compound of the present invention, or a ss 
pharmaceuticaliy acceptable sait or solvate tiiereof. 



is presented in the form of a pharmaceutical for- 
mulation, which, as mentioned hereinbefore, is pne- 
fenred, then the actual formulation empkayed will of 
course depend on the route of administration elect- 
ed by ti^e physician or veterinarian. For example, rf 
oral administration is prefenred, then the pharma- 
ceutical formulation empk)yed is, preferably, one 
which is suitable for such a route. 

A tiierapeuticaOy or prophyiactically effective 
amount of a compound of tite present invention, or 
a pharmaceuticaliy acceptable salt or solvate tiiere- 
of. win depend upon a number of factors including, 
for example, the age and weight of the animal, ttie 
pnedse conditkm requiring treatment or prophylaxis 
and Hs severity, and the route of administration, 
and win ultimately be at tt» discretion of tiie atten- 
dant physidan or vet^inarian. However, an effec- 
tive amount of -a compound of tiie present invention 
for the treatment or prophylaxis of patiiophystotog- 
ical cfisorders arising from the cell surface effects 
of adenosine, win generally be In the range of 0.1 
to 50 mg/kg body weight of recipient per day, more 
usually in tiie range of 0.5 to lOmg/kg body weight 
per day and most often in tite range of 1 to 5 
mg/kg body weigtit per day. Thus, for a 70kg adult 
patient, the actual amount per day wouki most 
often be from 70 to 350mg and this amount may 
be green in a angle dose per day or more usuaOy 
in a number (such as two, three or four) of sub- 
doses per day such tins the total daily dose is tiie 
same. 

An etiiecfive amount of a pharmaceuticaliy ac- 
ceptable sait or solvate of a compound of tfie 
present invention may be determined as a propor- 
tion of the effective amount of the cotj pound per 
se. 

The compounds of the present invention and 
the satts and solvates thereof may also be used, in 
a manner known generally in tiie art in tite isola- 
tion and purifteation of adertosine receptors. 

The foltowing examples and phanmacological data 
are provkled in illustration of tiie present Invention 
and shodd not be construed as in any way con- 
stituting a Gmitation thereof. 

EXAMPLE 1: Preparation of {EH-{1 ,2,3,6- 
tetrahydro-1 g3-dimettiyl-2,6KfioxD-9H-purin-8-yl)- 
dnrtamic add 

5.6-Otamino-1,3-dimettiyluraciI hydrate (1.70 g. 
10-0 mmol) and 4-formyIcinnamic add (1.76 g, 10.0 
mmol) were refluxed in acetic add (10 mL)-metha- 
nol (100 mL) for 0.5 hour. (EHK(6-Amino-1 ,2,3-4- 
tetrahydro-1 ,3-dimettiyl-2,4-dioxo4-pyrimidinyi>- 
iminomethyl]dnnamic add was predprtated as yel- 
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low powder (1.84 g, 56%): mp 299-301 °C with 
effervescence. Analysts for (C»HJ^40«): C. 58.53; 

H. 4.91; N. 17.07. Found: C. 58.36; H. 4.93; N, 
16.90. Structure confimied by 'H-NMR and Fl mass 
spectrum. 

(EH-[(6-Amino-1 A3,4-tetrahydro-1 ^methyl-2,4- 
djaxo-5-pyrimidinytmethyl]dnnamic add (500 mg, 

I. 52 mmol) was reffuxed In nitrot)enzene (125 mL) 
for 2.5 hours with slow distillation to remove water 
formed. The reaction mixture was cooled and the 
predpHate washed with ether. Recrystallization 
from N^rf^ftmethylfdrmanide-water gave the mon- 
ohydrate of the title compound as a pale yellow 
powden mp>380"C. Analysis for (C«HMN«0«.HaO): 
C. 55.81; H, 4.68; N, 16^. Found: C. 56.0S: H, 
4JB9; N, 16.27. Stucture conflnned by 'H-NMR and 
B mass spectrum. 

/ 

EXAMPLE 2: Preparation of (E)-4-(1 Z3,6- 
tetrahydro*! ,3-dimethy^2,6-dioxo-9H-purin*yl)- 
dnnamic add 

5t6-Difflnino-1,3-dimethyluradl hydrate (5.11 g, 
30.0 mmol) and 4-fbrmylcinnamic add (5.29g, 30.0 
mmd) were refluxed in nitrobenzene (500 mL). The 
nitrobenzene was allowed to dstill slowly with war 
ter formed. Fresh nitrotsenzene was added to keep 
the volume cons&nt After 5 hours of rsfiux. the 
mixture was cooled and the.pred|:»tat8 collected « 
(8.07 g). Recrystalltzation from N,N- 
dimethytfbnmamide-water gave the monohydrate of 
the title compound as a pale yellow powder, iden- 
tical with that of Example 1 by 'H-NMR and ele- 
mental analysis. 

E)CAMPL£ 3: Preparation of (E)-4-(1 ,2,3.6- 
tatrahydro^3-methyl-2,6-dioxo-1 -propyl-9H-purir>-8- 
yl)dnnamic add 

6-Amino-1 -methyl-3-propyl-2,4(1 H,3H)- 
pyrimidinedione (V. Papesch and EF. Schroeder. 
J,Om.Chem. 1951. 16, 1879) {5.53g, 27,5mmol) 
was dissolved in hot 95% etiianol (20ml)-water- 
(120ml). Sodium nitrite (2.32g) and gladal acetic 
add (2.4ml) were added. The resulting mixture was 
allowed to cool to room temperature. Orange<i}ink 
crystals were filtered off and dried at 50"C under 
vacuum to give purple crystals of 6-amlno-1- 
methyl-5-nitroso-3i3ropy 1-2,4 (1 li3H)- 

pyrimidinedione (2.92g, 80%); mp 250*'dec. Analy- 
as for (CHoNA): C.45.28; H.5.70; N^6.40. Found: 
C»45.12; H,5.74; N,26.34. 

5,6-Diamino-1-methyl-3-propyl-2,4(1ii3H y 
pyrimidinedione was prepared freshly from 6- 



amrno-1 -methyl-5-nltroso-3-propy 1-2,4- 
(litSiflpyrimldinedione by ammonium sulfide re- 
duction using the method of V. Papesch, M. Grove, 
and F.F. Schroeder (U.S. Patent 2 602 795). This 

5 diamine (2.00g, 10.0mmol) was condensed with 4- 
formyldnnamic add (1.76g, 10.0mmol) by the pro- 
cedure of Example 2 to give the title compound as 
an ivory powder, after crystallization from N.N- 
dlmethylfbrmamide-waten mp>300'*C. Analysis for 

10 (C«H«N40«.1/5 DMF): C,60.54; H.5.30: N.I 5.94. 
Found: 0,60.52; H,5.22; N,16.03. 

Example 4: Preparation of (EH-(1,3-diethyl-l ,2,3.6- 
tetrahydro-2,6<lioxo-9H-purin-8-yl)dnnamic add 

15 

Following an analogous procedure to that of 
Example 3, the title compound was prepared with a 
melting point greater than 360^*0. Analysis for 
(C«H«N*0«): 0,61.1; H5.12; N,1531. Found: 
20 0,61.04; H,5-15; N,15.8T. 

Example 5: Prapara6on of (E)-4-(1.3-diailyl-1 .2,3,6- 
tetrahydro-2,6-dioxo-9H-purin-d-yl) dnnamk; add 

25 FbRowing an analogous procedure to that of 
Example 3, the title compound was prepared with a 
melting point of greater than 300*0. Analysts tor 
(C»H»N«0.): 0.63.48; H,4.80: N,14.81. Found: 
0.63.26; H. 4.86; N,14.71. 

30 

Example 6: Preparation of (EH-<1 A3,6-tetrahydro- 
2.6-dioxo-l ,3-dipropyl^H-purin«8-yi)dnnamic add 

FoUowing an analogous procedure to that of 
35 Example 3. the title compound was prepared with a 
melting point of 355 "^O (dec.). Analysis for 
(0»HaN4O4): 0,62.82; HJ5.B0; N,14.65. Found: 
0.62^1; H,5.84;N,14.63. 

40 Example 7: Preparation of (E)-4-(1 2.3.6-tetrahydn> 
3-methyl-2,6-dioxo-9H-purin-8-yl)dnnamic add 

Fbltowing an anatogous procedure to that of 
Example 3, the title compound was prepared with a 
45 melting point of 300*'C. Analysis for (03sHnN«0<): 
0,57.69; H.3J7; N,17.94. Found: 0,57.47; H,3.90; 
N.17.87. 

Example 8: Preparation of (E)-4-(3-ethy 1-1 ,2,3,6- 
50 tetrahydro-2,6-dioxo-9H-purin-8-yi)dnnamic add 

Fblkwing an analogous procedure to that of 
Example 3, the title compound was prepared with a 
melting point greater than 300*'O. Analysis for 
55 (OJHuN*0.): 0.58.89; H.4.32; N.17.17. Found: 
0.58.64; H.4.36; N.I 7.24. 
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Bcampfe 9: Preparation of {EH-(1 A3.6-tetrahydro- 
2,6-dia)co-3-propyh9Hi>urin-a-yl)dnnarnic add 

Following an analogous procedure to that of 
Example 3, the title compound was prepared with a s 
meffing point greater thai 300*C. Analysis for 
(Ct^jNUO*): C^^; H,4.74; N.I 6.46. Fbund; 
H.4.76; N,16.41. 

Example 10: Preparation of (^-4-(1 io 
tetrahydro-3^sobuty^2,6^oxo-9H-purin-8-yl)- 
cmnamic add 

FbOowtng an analogous procedure to that of 
Bcampto 3, the title compound was prepared with a ts 
melting point greater than 300**C. Analysis for 
(C«HJIcOJ: Omm; H,5.12: N.1531. Found: 
0,60.85; H5.17; N,15,74. 

Beample 11: Preparafion of (E)-4-{1A3,6- 20 
tBtrahydro-lHTiethyh23KitQXD-3i3ropyl-^^ 
yl)cinnaiiiic add 

Fbllowvtg an analogous procedure to that of 
Example 3. the title compourKi was prepared with a 2? 
mettrng point greate- than 300»C. Analysis for - 
{C«H«N.O*): C31.01; H5-12; N.15.81. Found: 
C.6036; H^.ie; N,15.76. 

Example 12: Preparation of (E)-4-(1 A3,6- 30 
tB4^ahyd^>3^sobutyM-methyl-2,6<lklxD-9HiXOT^ 
^-yOdnnamic add 

Following an analogous procedure to that of 
Example 3, the title compound was prepared with a as 
melting point greater that 300**C. Analysis for - 
{C„H«N»04): C^.95; H^.47; N,15^1. Found 
0,61.99; H,5.51;N,15.19. 

Bcample 13: Preparation of (E>-4-{1-ethyl-1JW,6- 40 

tetrahydro-3-methyl-2,6KiiOKO-9H-purfn-8-yi)- 

dnnamrcadd 

Following an analogous procedure to that of 
Example 3, the title compound was prepared with a 45 
melting point greater than 300**C. Anaiyds for - 
(OoHJ^Gj: 0,60i)0; H,4.74; N,16.46. Found: 
0^.91; H,4.77; N,16.43. 

Example 14: Preparation of (E)-4-(l,3-dibutyf- so 
1 ^3,&^Btrahydro-2,6Klioxo-9H-purin-8-yl)dnnamic 
add 
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Following an analogous procedure to that of 
Bcample 3. tiie title compound was prepared with a 
melting pdnt of 3K>^"0. Analysis for 
(C«H»N*0,): C, 64.38: H.6.39; N.13.65. Found: 
0.64.11; H,6.42;N.1357. 

EXAMPLE 15: Preparation of (E)-4-{15-diben2yl- 
1A3,64Btrahydro-2.6-dloxo-9H-purirh8 yl) dnnamic 
add 

Following an analogous procedure to that of 
Example 3, tfie trtie compound was prepared with a 
melting point greater than 300**O. Analysis tor 
(C»HaN*04): 0.70.28-^4.65; N.11.71. Found: 0, 
70.04; H,4.e7;N.1 133. 

EXAMPLE 16: Preparation of {E)-4-{3-butyl-1 A3,6- 
tBtrahydrcKl-methyi-2,6-<fioxo-9H-purin*yl) dn- 
namic add 

Following an analogous procedure to that of 
Example 3, the title compound was preparad with a 
melting point greater than 300''O, Analysis for - 
{C»H«N40.): 0.61.94; H^.47; N.15.21. Found: 
0,61.77; H. 5.52; N,15.16. 

EXAMPLE 17; Preparation of (E>-4-(1-butyl-1 A3,6- 
tBtrahydr(>^ethyl-23<floxo^H-purm^ dn- 
namic add 

Following an analogous procedure to that of 
Bcample 3, the title compound was prepared with a 
melting point greatar than 300*»C. Analysis for - 
(0JiMO4: 0,61^; H,5.47; N,15^. Found: 
031.70; H,5.50; N,15.11. 

EXAMPLE 1 8: Preparation of (EHHS-benzyl- 
1 Z3.6-letrahydro-1 -melhyl-2, 6<fioxo-9H-purin-8- 
yO dnnamic acKi. 

Following an analogous procedure to tfiat of 
Example 3. the title compound was prepared with a 
nrelfing point greater than 300*0. Analysis for - 
(CaH«N,0»): 0.65.66; H4.51; N,13.92. Found: 
0,65.43; H,4£0: N.13.87. 

EXAMPLE 19: Preparation of (EH-{1.2.3,6- 

tBtrahydro-1,3-dfisot>eityl-2,6-dioxo-9H-purin*yl)- 

dnnamicadd 

E=bllowing an analogous procedure to that of 
Bcampl 3, thetitl compound was prepared with a 
melting point greater than 300«O- Analysis for 
{OaH»N*04): 0,64.37; H.6.39; N.13.65. Found; 
0.64.23; H,6.42; N, 13.64. 
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EXAMPLE 20: Preparation of {EHK1Z3,6- 
tetrahydro-1 ,3K!imethyl-6-oxo-2-thio-9H-purin-8-yl)- 
cinnamic acid 

5,6-Diamino-1 ,3-dimethyl-2-thiouracil (K,R.H. 
Woolridge and K Slack, J. Chem . Soc, . 1962. 
1863) (0^3g, 5.0mmol) and 4-fbfmyldnnamic acid 
(0.88g. 5.0mmot) were refluxed In nitrobenzene - 
(lOOmL) for 30 minutes wttti slovir distillation of 
water formed. After cooling, the yellow soDd was 
filtered and washed, first with ethanol then with 
ether, to give the title compound, m4>. >320*'C. 
Analysis for {CJiJiJ^): 0,56.13: H.4.12; N, 
16.35; S, 9.36; Found: 0,56.21; H4.15; N. 16.35; S 
9.44. 

EXAMPLE 21: 3-[4-(1,2«3,6-tetFahydro*23-dloxo- 
1,3-dipropyl-9H-purin-8-yi) phenylJPropionc add. 

A suspension of {EH-<1Z3,6-tBtrahydro-2,6- 
dioxo*1,3-dipropyt-9Ki)urin*^-yl)cinnamic acid • 
(4.00g, 10.4mmol) (Example ^ and concentrated 
sulfuric add (1 ml) in at)sotute ethanol (1.5 L) was 
refluxed for 2 hours with slow distillation of 75 ml of 
vapor. Reflux was continued for 3 days with exclu- 
sion of moisture with 50 ml distillate teing removed 
during the final 4 hours. The cooled suspension 
was filtered to yield ethyl (E>-4-(1,2.3,6-tetrahydro- 
2,6-dioxo-1,3-dipropyl-9HiXirin-8-yOdnnanr)^ as a 
pale yellow solid, mp >300*>C. Analysts for 
(C»H»N«04). 0. 64.38; H, 6.38; N, 13.65. Found: 0, 
64.34; H. 6.43; N, 13.63. 

A solution of t)romine (1.2 g, 7.5 mmol) In 
gladal acetic add (25 ml) was added over 30 
minutes to a suspension of the above ethyl ester • 
(3.00 g. 7.31 mmoO in gladal acetic add (125 ml) 
at 40'0. After stirring at room temperature over- 
night the suspension was treated with bromine (0.2 
ml) in glacial acetic add (25 ml), wamned at 60"O 
for 3 hours, and finally treated vnth bromine (one 
drop). After cooGng to room temperature, a small 
amount of solid was filtered off, and the filtrate was 
evaporated to dryness. The residue was triturated 
in 1:1 ethyl acetate ether (140 ml) and filtered to 
yield ethyl 2.3-dibromo-3-[4-(1A33-tetrahydro-2,6- 
dioxo-1 ,3-dipropyl-1 Hi3urin-8-yl)phenyl]propionate 
as a pale yellow soRd; m.p. 221.5 -223^*0 with 
effervesence. 

Analysis for (0»H»BraN404): 0. 46.33; H, 4.60; N, 
9.82; Br. 2aOZ Found: 0, 46.43; H, 4.65; N, 9.77; 
Br, 27.97. 

A suspension of the above dibromopropionate - 
(3.00g, 5.26 mmol) in an anhydrous ethanolic solu- 
tion (150 ml) of potassium hydroxide (1.5 g 26 
mmol) was refluxed for 21 hours, then diluted over 



3 hours with water (250 ml) as the ethanol was 
allowed to evaporate. The cooled solution was 
treated with 1 N HOI until a precipitate fomned (pH 
10) which was extracted with methylene chloride - 

5 (100 mO. The aqueous phase was made strongly 
addic with 1 N HOI. The thick predpitate was 
filtered and dried to yield a solid. A portion of this 
solid (0.65 g) was recrystallised from 50% ethanol - 
(50 ml) to give the title compound as a yellow solid 

70 as the hemihydrate; mp slow dec. starting at 
260»0. Analysis for (0JH»N40«,5 H,0): C. 61.69; H, 
5.44; N. 14.39. Found: C 61.85; H, 5.38; K 14.45. 

EXAMPLE 22: (E)-4-[3.(4-Oyanoben2yl)-1 Z3,6- 
15 tetrahydro-1 -methyl-2,6-dioxo-gH-purin-8-y Ih 
dnnamic add. 

o-Amino-Q-tolunitrile (prepared from a- 
bromototunitrile in a modification of the method 

20 described by J.H. Short and T.D. Dart>y. Med . 
Chem. . Ifi (5), 833. 1967) was treated first with 
methyl isocyanate followed by cyanoacetic add 
according to the method of V. Papesch and EP. 
Schroeder (J. Org. Chem. . 1951, Ig, 1879) to yield 

25 4i(6-amino-1 ,2.3,4^tetrahydro-3-methyl-2,4<iioxo-1 - 
pyrimidinyl)methynbenzonitrile, which was then 
nrtrosated, reduced, and condensed with 4-fonnyl- 
dnnamic add fbltowing an analogous procedure to 
that of Example 3 to give the title compound as a 

30 yellow solid with a melting point greater than 
350»0. Analysis for (C»HaN,0*): 0, 64.63; H, 4.01; 
N. 16.3a Found: 0, 64.58; H, 4.06; N. 16.36. 

EXAMPLE 23: (E)-4-[3-(3-Cyanobenzyl)-1 Z3.6- 
J5 tetrahydro-1-methyl-2,6Kjioxo-9H-purin-8-ylh 
dnnamic add. 

Following an analogous procedure to that of 
Example 22, the title compound was prepared with 
40 a melting point greater than 300**0. Analysis for - 
(OaHirNsO*): 0. 64.63; H, 4.01; N, 16.38, Found: 0. 
64.40; H. 4.04; N. 16.45. 

EXAMPLE 24: (E)-4-[l-(4-Cyanobenzyl)-1 .2,3,6- 
45 tBtrahydro-3-methyl-2,6Klioxo-9H-purin-8-yl)- 
dnnamic add 

a -Bromo -e -tolunitrile (5.41 g, 27.6 mmol) was 
added at once with stirring to a solution of 6-amino- 

50 1-methyluradl (V. Papesch and E.F.Schroeder. J. 
Org. Chem . (1951). 16 . 1879) (3.90 g. 27.6 mmol) 
in 1:1 ethanol: 1 N sodium hydroxide (56 ml) at 
42*»0. After 1."^ hours, th mixture was cooled, 
filtered and washed with water. The resulting solid 

55 and second crop obtained by vaporation of the 
filtrate were combined (5.80 g) and partially purified 
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by silica gef chromatography followed by repeated 
trituration witti 1:2 methanol; ether to gtve crude 4- 
t(&^ino-1 Z3,4-tBtrahydro-1-methyl-2.4<riaxo-3- 
pyrfmidinyOmethyllbenzonitriie (0^ g), identified 
by NMR. 5 

To a refluxing solution of this solid (0.17 g, 
0.60 mmoO in 2nn H,0: ethanoL* glactal acefic add 
(12 ml) was added a solution of sodium (titrrts • 
^.063 g. 0.91 mmol) on water (0.5 ml). After reflux- 
ing for one minute, the mixture was cooled with to 
strm'ng, then fiRBred to give 4-[(&-amino-1 ,2,3,6- 
tetrahydro-l -methy l-5-nitroso-2,4-dIoxo-3- 
pyrimidinyi)methyll benzonitrile as a purple solid - 
(0.17 g, 77%): m^). 26e*(dec). Analysis for 
(C«H„rfeOJ: C, 54.74; H, 3.89; N, 24J55. Found: C, t5 
5430: H, 3.91: N, 24.49. 

This intermedlatB (0.50 g. 1.7 mmoO was re- 
duced to the dianine with ammonium sulfate ac* 
corctog to the method of V. Papesch, K Grove, 
and EJF: Schroeda^. U^. Patent a602,795. The 20 
resulting solid ^.47 g) was cfirectly combined with 
4-fonfnyldnnanuc add (0.21 g, 1.2 rrunoO and re- 
fluxed in nitrobenzene (40 ml) for ^ minutes with 
distallation of nitrobenzene and water formed (total 
volume 12 ml). The cooled mixtwe was filtered and 25 
washed with ethanol togive ttie title compound as a 
pale yellow solid: ntp. >300"C. Analysis for - 
(C^oNtO- 0.25 H,0): C, 63.95; H, 4.05; N, 16.21. 
Rjund: C, 64i)5; H, 4.09; N, 16.20. 

JO 

Example 25: (E)-4-(1-Ben2yMA3.6^tBtrahydro-2,6- 
(fiQxo-3-propyl^9H-purin-d-yl)cinnamfC add- 

F=bllowing an analogous procedure to that of 
Example 3, the title compound was prepared with a 3s 
melting point greater than 300"C. Analysis for - 
(CcHJVUO*); C, 66.97; H, 5.15; N, 13.02. Found: C. 
STJOfT; H. 5.19; N. 13i>2. 

Example 26: (E)-4-(3-BenzyM,2A6-tBtrahydro-23- « 
dioxo-1-propyf-gH-purin-8-yl)dnnamic acid- 
Following an analogous procedure to that of 
Example 3, the title compound was prepared with a 
melfing point greater than SOO^'C. Analysis for - 45 
(C^alNUO*): C. 66.97; H, 5.15; N. 13.02. Found: C, 
66.80; H» 5.16; N, 13J)1. 



Example 27: Cardiac Bfects 

The abiBty of (E)-4-(1 A3.6-tBtrahydro-1.3- 
dimethyl-2,6-dioxo-9H^Ririn-8-yl)dnnamic add to 
inhibit ADO-induced prolongatron of the atrk>-to-His 
bundle conduction time and, thus, its potential for 
the treatment of cardiac disorders induding fieart 
block, was evaluated in isolated, perfused guinea- 
pig heart preparations. 

Male and female guinea-pigs were sacrtficed 
by a blow to the head, and their hearts were 
quickly removed. The heart was then hung on a 
retro-grade aorSc infusion apparatus. Phystotogical 
Krebs-Henseleit sdutton fm mM; sodium chtoride, 
120.0, potassium chloride, 4.8, cafeium chkKfde, 
ZS. nriagnesium sulfate, 1.2. potassium phosphate, 
1.2, pyruvic add, ZO, glucose, 5.5, socfium bicar- 
bonate. 25i), disodium EDTA 0.6. ascorbic add. 
0.3) at pH 7.4, 34.5-35.5-, gassed with ^% oxy- 
gen. 5% nitrogen, was the infusion medium. The 
right atrial appendage and wafl containing the sino- 
atrial pacemaker was then removed. The pulmo- 
nary artery and the mitral vah/e were cut The 
stimulating electrode was placed on the left atrial 
appendage. Electrodes were appropriately placed 
to permit recording of the left atrial (LAE) and Fis- 
Bundle (HBE) electrograms. Stimulus delay aid 
duration were usually two milseconds. The voltage 
was set at two fimes threshhold, or about 6-9 volts. ' 
A Grass S4 istimulator was used for stimulatbn. 

Pacing was initiated at a rate that ensured one 
to one capture and later was setto 2-3 Hz. Control 
atria-hfis Bundle fimes (A-H intervals) were ob- 
tained once the heart had stabilized. Adenosine 
infusk>n (5X1 urn, mixed in Heriseleit-Krebs solu- 
tion) was then begun for a period of five minutes. 
Atrio-vmtricular bkxk frequently occurred at pac- 
ing frequendes of 3 Hz, so the padng in thes 
cases was lowered to a rate where one^^on 
conduction was seen. This rate was in the range of 
1^2.5 Hz. Once the A-H tnterval had stabilized, a 
recording for maximum ADO effect was obtained. 
Infusion of varying doses of antagonist concunBnt 
with the 5 um ADO infusion was then begun. A 
Raze! A-99 syringe pump was used to infuse ttte 
arttagonist into the perfusate One. The antagonists 
were made up in li) mM potassium phosphate 
buffier, pH 7.4, at a stock concentration of 0^ mM. 
Rnai infusion conentration levels of tfie antagonists 
were in a range of 020-30.0 um. The antagonists 
were irrfused at a given concentration for tftree 
minutes before lectrogram recordings were ob- 
tained. Two antagonists were evaluated per guirrea- 
pig. A wash period of ten minutes between antago- 
nists was done. 
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A.V. conduction times were measured from tiie 
HBE and LAB The AH interval was defined as th_ 
time between the beginning of the stimulus artifact 
and at the beginning of the His bundle spike. i.e., 
S-H interval. Measurements were compiled for con- 
trol (no ADO or antagonist). ADO (no antagonist), 
and ADO plus antagonist (A-A) concentrations. Dif- 
ferences were then calculated by subtracting the 
control interval in question. Percentage ADO pro- 
longation inhibition (%INH) was calculated by sub- 
tracting tiie A-A difference from the ADO differ- 
ence, dividing by ADO difference, and multiplying 
by 100, ttius %INH = (ADO diff.-ant diff.)/ADO diff, 



100. 

The Kd(50) was then evaluated by an Eadie- 
Scatchard plot where (%INH)/(antagonist cone.) 

5 was plotted on the ordinate and %INH on tiie 
atjsdssa. Kd(50) was provided by the negative 
reciprocal of tiie slope. The mean Kd(50) for (E)-4' 
(1 Z3.6-t0trahydn>-1 ,3-dimettiyl-2,6-dio>a>9H-purin- 
8-yl)cinnamic add for five animals was found to be 

70 0.1 Sum. 

Example 28: Injection Fbmnulation 



Inoredlent Amount per Ampoule 

Compound of the Invention 10«0mg 

Buffering Agent, q.3. 

Water, 1.0ml 



The compound of the invention is finely ground 
and dissolved in the water. The pH is adjusted to 
the proper value by the buffering agent and the 
solution is filtered and steriftsed by autoclaving 
before being sealed under sterile conditions in am- 
poules. 



Example 29: Suppository Formulation 



30 



Ingredient Amount per Ampoule 

Compound of the invention 75,0mg 

Cocoa Butter 2«0g 
or Wecobee^'^ Base 

(Wecobee is a trademark and is a hydrogenated fatty carboxylic acid). 



The compound of the invention is finely ground Example 30: Syrup Formulation 

and mixed with the melted Cocoa Butter or 
Wecobee^^'base. It is then poursd into moulds and 
allowed to cool to afford tiie suppositories. ^ 
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Iroredient Amount per 5mi 

Compound of the Invention 35.0nng 
Sucrose 



Methylparaben 
Sodium Benzoate 
Cherry Flavour 
Colouring 
Water 

EthanoU sucrose, socfium benzoate, methyl- 
paraben, and flavouring are cmbirted in 70% of 
the totaJ batch quantity of water. Colourrng and the 
compound of the nrvention are then dissoh^ed in 
the ramming water, and finally the two solutions 
are mixed and darffied by filtration, thus affording a 
syrup. 



2*0mg 
0.5mg 



0.5mg 



q«s. 
q.3. 
q.s.to 5.0rni 

Example 31 : Tablet Formulation 



so 



25 



iTKiredient 
Compound of the Invention 
Lactase 

Com Stach, Pregelatinized 
Potato Starch 
Magnesium stearate 



Amount per Tablet 
75«0mg 

2.5mg 



110J}mg 

12.0mg 
□•5mg 



The compound of the invention is finely ground Example 32: Capsule Fbrmulabon 

and intimately mixed with the powdered exdpients, ^ 
lactDse, com stach, potato star ch and magnesium 
stearate. The formulation is then compressed to 
afford tablets. 

45 



Ingredient Amount per Capsule 

Connpound of the Invention 75.0mg 
Lactose 

Magnesium Stearate 



400.0mg 
5-Omg 
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The compound of the invention is finely ground 
and mixed with the powdered exctpients, lactose, 
com starch and stearic add, and then packed into 
two part gelatin capsules. 

5 

Pharmacological Data 

Based on studies to date, a positive conflation 
can be estabGshed tsetween the ability of a com- 
pound to antagonise adenosine (purine) receptors ro 
and its activity in treating or preventing 
pathophysiological disorders arising from the cell ^ 
surface effects of adeno^ne, such as heart block * 
(Or . Res. . 1982, §1, 569 dnd asthma 

Accordingly, a representative number of com- 75 
pounds of the present invention were tested for 
their abiHty to antagonise the purine receptors us- 
ing the guinea pig ileum test system. 

Procedure:- 20 

Ilea were removed from sacrificed guinea pigs 
and placed in organ baths containing oxygenated 
Krsbs-Henseieit buffer. After equirtt)ration, the ilea 
were stimulated to contract (twitch contraction) us- 25 



ing an electrical field-stimulus of 0.1 Hz, .05 ms 
duration and maximal voltage. Under these con- 
ditions, the twitch contraction results from the re- 
lease of acetylcholine. 

Concentration response curves to the purine 
agonist 2-chloroadenosine, were determined first In 
the absence and then in the presence of multiple 
concentrations of ttte compounds of the invention. 
One concentration of each compound was used 
per tissue. Quantification of purine receptor antago- 
nism was accomplished using the S^k^ regres- 
sion technique. i.e. plots of log (dose-ratio-l) vs k>g 
compound concentration, and the pAi determined 
by regression of the data points to the x-intercept 
where log (dose-ratio-1) is zero. Since the slopes of 
these regressions were not different from unity, the 
pA, may be considered the pKb. i.e. the negative 
log of the dissociation constant of the compound 
for the purine receptors. 

Results:- 

The compounds of the rrrvention tested in this 
way and the results of each test are set forth 
betow. 



Compound of 
Fxanrtple No, 



Guinea pig 
ileum (slope) 



C^ompouhd of 
F xampie No^ 



PA2 guinea pig 
ileum (slope) 



6 

11 
14 



7.7 (0.9) 
7.0 (LO) 
7.5 (LO) 



15 
18 
19 



7.1 (0.9) 
7.1 (0.9) 
7.45 (1.0) 



THFOPHYLLINF 4.9 (1.1) 



These results indicate cleariy that the com- 
pounds of the present invention are capable of 
antagonizing adenosine receptors and that they are 
superior in their effect than the prior art adenosine 
antagonist theophylline. The compounds of the 
present invention are. therefore, useful in the treat- 
ment or prophylaxis of pathophysiological disorders 
arising from the cell surface effects of adenosine. 



Toxicity Data 

The toxicity of a representathre number of 
compounds of the present invention was deter- 
mined by using the standard LOm test The com- 
pounds were administered intraperitoneally to mice 
and the results are set forth below. 
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Compound of 
Fxample No* 



LDeg(mq/ko) 



1 
6 

10 
12 
14 
16 
18 



>5G0 
>500 
>100 
>100 
>100 
>100 
>100 



Cfaims 



1 . A compound of fbrmula ([): 




wherein: 

X, and )^ are the same or drfferent and are hy- 
drogen, C< attcyl. Cm alkenyl or Cz-ia araikyi 
optionally substituted in the aryl ring by at least 
one substituent selected from Ct^ alkyl, Ci^ al- 
koxy, hydroxy, halo, nitro, amino artd cyarto. pro- 
vided that both X, and )^ are not hydrogen; 

one of X» and X» is hydrogen, Ci^ allcyl. 
tnfluoromethyl. Ci^koxy, halo, nitro. amino, C,^ 
alkoxycartwnyl or cartXDcy and the other is a group 
-Y-Z where Y is Cm alkenyiene, or C« al- 
kenyieneoxy, C^alkynylene or Cm aOcynyleneoxy 
and 2 is carboxy, sulphonyl or phosphonyl or a Ci. 
galkyf ester, a 07.12 aralkyl ester or a Cs-ia aryl 
ester thereof, or is 5-tetrazolyI; and 



40 



45 



SO 



55 



Xs and X< are the same or diffiBrent and are oxygen 
or sulphur; or a salt or soWate thereof. 

2- A compound accorcfing to daim 1 wherein either 
or both of X, and Xz are benzyl, optionally sutssti- 
tuted in ttie aryl ring by at least one substituent 
selected from Ci^ alkyi, Ci^ alkoxy, hydroxy, hak), 
nitro, amino and cyano. 

3. A compound according to daim 2 wherein the 
said optional substituents are selected from methyl, 
methoxy, hydroxy, chtoro, nitro, amino and cyano. 

4. A compound according to daim 3 wherein the 
optional sut^stituents are selected from amino, nitro 
and cyano. 

5. A compound according to any of daims 1 to 4 
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wherein X, and X, are selected from hydrogen and 
Ci4 aJkyl. 

6. A compound according to claim 5 wherein X, 

and Xx are both Ci^ aikyl. 5 

7. A compound according to any of claims 1 to 6 
wherein orte of Xa and X^ is hydrogen. 

8. A compound according to daim 7 wherein Xx is ro 
hydrogen. 

9. A compound according to any of claims 1 to 8 
wherein Y is Oz^ allcenylene or G^^kynytene. 

75 

10. A compound according to claim 9 wherein Y is 
vinylene or acetylene. 

11. A compound according to any of claims 1 to 10 
wherein Z Is an ester seiected from the metfryK 20 
ethyl, benzyl and phenyl esters. 

12. A compound according to any of claims 1 to 10 
wherein Z is cartxsxy or a C14 ester thereof. 

25 

13. A compound according to any of claims 1 to 6 
wherein Xi is hydrogen and X« is -Y-Z when Y is 
vinylene and Z is cartraxy. 

14. A compound according to any of claims 1 to 13 30 
wherein Xc and )Q are t>oth oxygen. 

15. A compound selected from the following com* 
pounds:- 

35 

(E)-4-(1 A3,6-tetrahydro-1 ,3-dimethyl-2.6-dioxo- 
9ii-purin-8-yOcinnamic add, 

(EH-(1 A3,Wetrahydro-3-methyl-2,6-dioxo-l- 
propyl-9l4-purin-d-yl)dnnamic add. 40 

(EHHI >diethyl-1 A3,6-tBtrahydro-23Kfioxo- 
9Hrpurin-8*yl)clnnamic add. 

(EHH1 .SKiiallyH A3,6-tetrahydro-2,6Kfioxo- 45 
9H-purin-8-yl)dnnamic add, 

(E)-4-(1 A3,6-tetrahydro-2,6-dioxo-l 3<ipropyl- 
9Hi)urin-8-yl)dnnamic add, 

50 

(E)-4-(l 2.3.6-tetrahydro-3-methy l-2,6-dio)a> 
9H-purin-8-yi)dnnamic add, 

(EH-(3-ethy 1-1 A3.6-tetrahydro-2,6-dioxo-9 H- 
purin-8-yl)dnnamic add. 55 



(E)-4-{1 A3,6-tetrahydro-2.8-dioxo-3-propyl- 
9H-purin-8*yi)dnnamic add, 

(EH-(1 A3t6-tetrahydro-3-isobutyl-2,6-dloxo- 
9K-purin-8-yl)dnnamic add. 

{EH-{1 A3,6-tetrahydro-1-methyl-2,6-dioxo-3- 
propyt-9K-purin-8-yi)dnnamlc add, 

(E)-4-<1 A3,6-tetrahydro^sobutyl-1 -methyl-2,6- 
dioxo-9H-purin-8-yl)dnnamic add, 

(E)-4-(1-ethyl-1 2,3,6-tetrahydro-3-methyl-2,6-dioxo- 
9H-purin*8-yl)dnnamic add. 

(EH-(1 ,3-dlbutyM A3,6-tetrahydro-1 ,6-dioxo- 
9H-purin-8-yl)dnnamic add, 

(EH-{1 ,3-dibenzyl-1 ,2,3,0-tetrahydro-2.6-dioxo- 
9Hi)urirhd-y[)dnnamic add, 

(E)-4-(3-butyl-1 ,2,3,64etrahydnM-methyl-2.6-dioxo- 
9H-purin-&-yl)dnnamic add. 

(EH-(1 Hwtyl-I A3,6-tetrahydro-3-methy 1-2,6-diaxO" 
9K-purin-8-yl)dnnamic add, 

(EH-(3-t)enzyl-1 A3,6-tetrahydro-l -methyl-2,6- 
dioxo-9H-purin-8-yi)dnnamic add, 

(E)-4-<1 ,2^,6-tetrahydro-l ,3-diisobutyl-2.6-dloxo- 
9H-puriri-d-yl)dnnamic add, • 

(E)-4-(1 A3,6-tBtrahydro-1 .3-dimethy)-6-oxo-2-thio- 
9H-purin-d-yl)dnnamic add, 

(E)-4-[3-(4-cyanobenzyl)-1 .2,3,6-tetrahydro-1 - 
methyf-2,6-dioxo-9if'purin-d^l]dnnamic add. 

(E)-4-[3-(3-cyanoben2yI)-1 .2.3,6-tetrahydro-l - 
methyl-2,6-dioxo-9H-purin-8-ylldnnamic add. 

3-[4-(1 .2,3,6-tetrahydro-2,6-dioxo-1 ,3-dipropyl- 
9H-purin-8-yl)phenynpropiolic add, 

(E)-4-[l -<4-cy anoben2yl)-l ,2,3,&-tetrahydro-3- 
methyl-2,6-dioxo-9tH3urin-a-yl]dnnamic add. 

(E)-4-(1 -benzyH 2t3,6^etrahydro-2,6-dioxo-3- 
propyl-9HrPunn-8-yl)dnnamic add, and 

(EH-(3-ben2yl-1 A3.6-tetrahydro-2,6-dioxo-1- 
propyl-9H-purin-8-yl)dnnamic add. 

16. A process for the preparation of a compound of 
formula (I) as defined in daim 1 or a salt or solvate 



21 
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thereof comprising; 

A) cycOsing, in the presence of an oxidant, a com- 
pound of formula (11): 

5 




wh^in X, and X, are as defined fn daim 1; or 

20 

B) where Y is C»«alkenyteneo9cy or C« al- 
Icynyleneoxy, reacting a compound of formula (VII): 



25 




wherein X,r Xi, )^ and X. are as defined in daim 1 wherein L Is a leaving group, V is C« aOcenyiene 

and one of X,' and X.MS as defined in daim 1 for or C« alkynylene and 2 is as defined in daim 1; 

one of Xi and Xc rsspectivety and the otho- is or 
hydroxy, with a compound of fbnnula (VIII); ^ 

C) cydising a compound of formula (X): 

L.Y'.Z(VUO 



45 
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wherein X,, Xt. X, and Xi are as defined In claim 1 
and one of A and B is hydrogen and the other is 3- 
(Xi)-4-(X«)-b©n2oyl in which Xa and X« are as de- 
fined in claim 1; 

and thereafter, or simuttaneously therewith, option- 
ally (i) converting any of the groups X, to X» in the 
resulting compound of formula (I) into a different 
group X, to Xc respectively, and/or (iO forming a 
salt or solvate thereof. 

17. A pharmaceutical composition comprising a 
compound as claimed In any of dauns 1 to 15 
together with a pharmaceutically acceptable carrier 
therefor. 
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18. A compound as claimed in any of claims 1 to 
15, for use in therapy. 

19. A compound according to claim 18 for use in 
the treatment or prophylaxis of pathophysiofogicai 
conditions arising from the cell-surface effects of 
adenosine. 

20. A compound according to daim 18 for use in 
the treatment or prophylaxis of heart block, asthnna 
or irritable bowel syndrome. 

21. The compounds of formulae (10 and PQ as 
defined in claim 16, and also the compound of 
formula pol): 



1 \ 



NO 



NH — 




(xn) 



wherein X, to }Q are as defined in claim 1; 
the compounds of (brmulae (III)' and (V)': 



30 



1\ 



Wherein X,' is methyl and is propyl,,' is propyl 
and X,' is methyl, X,' is n -butyl and X>' is methyl. 
X,' and X,' are both feo -tmtyl, X,' and Xi' are both 
allyl, or X,' and X,' are the same or different and 
are Cr.iaaralkyl optionally substituted in the aryl 



45 
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ring by Ci.6 alkyl. Ci.6 aikoxy, hydroxy, halo, nitro, 
amino or cyano; and 

the compound of formula (VIO'^ 



50 



55 
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Ci^ aikaxy, hydroc/, hato, nitro, amino or cyano, 
and Xi^ and X«' are as defined; and saits and 
sofvates thereof. 

IS 

/ 
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wherein X,"" and Xt" are the same or different and 
are hydrogen. CMafkyl, Cz« aikenyl or C^.ta aralkyf 
optionally substituted in the aryl ring by Ct^ alkyi. 
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